Background: The therapeutic efficacy of red blood cell (RBC) transfusions in patients with autoimmune hemolytic anemia (AIHA) is highly debated because of speculations on the increased risk of transfusion reactions; yet it is a suggested adjuvant therapy in anemic patients with life-threatening hypoxemia. In this study, we evaluated the safety and efficacy of RBC transfusions in AIHA patients.
INTRODUCTION
The diagnosis of autoimmune hemolytic anemia (AIHA) is made on the basis of positive direct antiglobulin test (DAT) and a serologic evaluation demonstrating the presence of autoantibodies specific to the patient's red blood cells (RBCs) [1] [2] [3] [4] [5] . The feasibility of blood transfusion in AIHA patients is heavily debated because of difficulties in crossmatching and the increased risk of transfusion reactions, since transfused RBCs may be destroyed more rapidly in patients with active hemolysis, which can result in hemoglobinemia, hemoglobinuria, and subsequent disseminated intravascular coagulopathy. Therefore, clinicians must exercise extreme caution when deciding transfusion in AIHA patients, and then should use only the smallest volume of blood necessary to alleviate life-threatening conditions [6, 7] .
Conversely, RBC transfusion has been suggested as an adjunctive therapeutic option in patients with autoantibodies despite the risk of hemolysis [8] . This is based on the belief that the increased oxygen-carrying capacity provided by the transfused RBCs may satisfy a patient's need until other treatment options become effective, particularly in those with symptomatic cardiovascular diseases for which sufficient oxygen supply is important [1, 4, 9] . However, data weighing the safety and efficacy of transfusions in patients with AIHA is scarce and should be further investigated. In this study, we aimed to evaluate whether transfusion of the least-incompatible blood was sufficient to increase hemoglobin levels without causing a significant increase in risk of hemolysis in patients with AIHA.
METHODS

Selection and exclusion criteria of patient and two control groups
Total 161 anemic patients with positive DAT and autologous control panel antibody identification tests that received one transfusion of 1-5 units (320 mL or 400 mL) of the least-incompatible packed RBCs and monitored over a period of seven days from January 2006 to March 2011 at Asan Medical Center were initially selected as a patient group. DATs were performed by using the gel-based Diamed-ID system (Bio-Rad Laboratories, Hercules, CA, USA). Antibody identification testing was performed with Diamed-ID-Card LISS/ Coombs+Enzyme Test (Bio-Rad Laboratories). Autoantibodies were classified into three groups (warm-reactive only, cold-reactive with wide thermal range, and cold-reactive only). Subsequently, an adsorption procedure using ZZAP-treated allogenic RBCs was performed to determine alloantibody type as described [10] . The least-incompatible blood was selected by testing the reactivity of the patient's serum against > 10 ABO-compatible units and choosing those which were best matched. All 161 patients were transfused with RBCs that were the least-incompatible and lacked antigen against any detected alloantibodies.
In addition, 100 anemic patients who were negative in both DAT and autologous control panel, but showed positivity in specific panels on the antibody identification test, and were transfused once with 1-5 units of packed RBCs lacking antigen(s) against the detected alloantibodies were classified as the first control group. In addition, 100 anemic patients who showed negative results in both DAT and antibody identification test, and were transfused once with 1-5 units of ABO-compatible packed RBCs were enrolled as the second control group. All patients with evident bleeding or multiple transfusions during follow-up were excluded. This study was approved by the institutional review board of Asan Medical Center, Seoul, Korea.
Comparison of clinical and laboratory findings among three patient groups
Both clinical and laboratory findings for each patient as well as history of fever ( > 37.3°C) or evidence of acute hemolytic transfusion reaction within 24 hours after transfusion were obtained by retrospective review of electronic medical records, and were compared among the three patient groups. These results are represented in Table 1 .
3. Comparison of hemoglobin, total bilirubin, and lactate dehydrogenase changes after RBCs transfusion among three patient groups
We investigated hemoglobin, total bilirubin, and lactate dehydrogenase (LDH) data after RBC transfusion and calculated the changes compared with pre-transfusion levels. To adjust for the effect of transfused RBC volume and body weight of the patient on the transfusion, we applied the concept of "hemoglobin, total bilirubin, and LDH changes after transfusion of defined amount of 10 mL RBCs/kg body weight of each patient." An example of the calculation is provided below: [(B) × 10 mL/kg]/(D) = 1.20 g/dL Using this formula, both absolute levels of three items and their changes were enumerated and compared separately among the three patient groups. These results are summarized in Table  2 (hemoglobin), Table 3 (total bilirubin), and 4. Assessment of the influences of the autoantibody type, DAT specificity, DAT strength, initial hemoglobin levels prior to transfusion, and steroid therapy status on the effect of RBC transfusion in the patients with autoantibodies
In this analysis, we focused on the hemoglobin changes at days 1 and 7 after RBC transfusion, and hemoglobin changes were compared among the patient groups categorized by each variable described previously. These results are illustrated in Fig. 1 
Comparison of hemoglobin changes in the patients with autoantibodies with respect to initial hemoglobin levels prior to RBC transfusion
In this analysis, we compared the total units and volume of transfused RBCs, transfused RBCs/kg body weight of patient, absolute hemoglobin levels, and the hemoglobin changes at each follow-up day after transfusion of 10 mL RBCs/kg among the three patient groups. These results are summarized in Table   2 
Statistical analysis
Pearson chi-square tests were used to compare categorical variables. The Mann-Whitney U test and Kruskal-Wallis test were used to compare median (range) value of continuous variables between two groups and more than two groups, respectively. All statistical analyses were performed using SPSS 13.0.1 for Windows (SPSS Inc, Chicago, IL, USA) and P values ≤ 0.05 were considered statistically significant.
RESULTS
Comparison of clinical and laboratory findings among the three patient groups
The AIHA patients showed significant female predominance (P = 0.022) and were younger (P < 0.001) than those with no antibodies; however, the total units and volume of transfused RBCs were not different among the three patient groups. Many patients with autoantibodies had underlying diseases, including hematologic malignancy (20.5%), solid tumors (24.8%), autoimmune disease (8.7%), and infection (5.6%). Approximately a half of the patients with autoantibodies (54.0%) possessed underlying alloantibodies, including anti-E and -c (24.8%), anti-C and -e (4.3%), anti-E (3.1%), and anti-M (3.1%). AIHA patients received significantly more steroid therapy (P = 0.001) and tended towards more frequent immunosuppressive therapy (P = 0.081) than those with alloantibodies only. Twenty-five alloantibody patients received steroids only when they were transfused, with underlying diseases that included solid tumor (10 patients), autoimmune disease (four patients), infection (three patients), osteoarthritis (two patients), and others such as chronic renal failure and epidural hemorrhage (six patients). The patients with autoantibodies showed significantly worse anemia than those with alloantibodies only (P < 0.001) and those with no antibodies (P < 0.001). Among patients with autoantibodies, three patients (1.9%) developed fever (37.9°C, 38.1°C, and 37.7°C peak temperatures) within 24 hrs of transfusion; however, the patients had pneumonia and showed no evidence of hemolytic transfusion reaction (Table 1) .
Comparison of changes in hemoglobin, total bilirubin, and lactate dehydrogenase after RBCs transfusion
The patients with autoantibodies showed significantly lower hemoglobin levels than those with alloantibodies only at pre-transfusion and from day 1 to day 4; however, no significant differences were observed from day 5 to day 7, indicating a preferential hemoglobin recovery in patients with autoantibodies at long term follow-up compared with those with alloantibodies only. When compared with the normal control group (no antibodies), autoantibody patients exhibited significantly lower hemoglobin levels consistently. Nonetheless, the three patient groups exhibited similar hemoglobin changes of 1.40-1.70 g/dL (autoantibodies), 1.20-1.60 g/ dL (alloantibodies only), and 1.40-1.55 g/dL (no antibodies) after transfusion of 10 mL RBCs/kg. The differences were not significant in all comparisons throughout the seven-day follow-up period, implying a similar benefit of RBC transfusion among the three patient groups (Table 2) .
In addition, three patient groups also showed similar total bilirubin changes after transfusion of 10 mL RBCs/kg. The differences were not significant throughout the follow-up period. Notably, patients in the autoantibody group showed no or negative total bilirubin changes consecutively after two days of RBCs transfusion, indicating the absence of hemolysis risk ( Table 3 ). The comparison of LDH changes also showed identical results (Table 4) .
3. Influences of autoantibody type, DAT specificity, DAT strength, initial hemoglobin levels prior to transfusion, and steroid therapy status on the efficacy of RBC transfusion in patients with autoantibodies
Associations between autoantibody type, DAT specificity, DAT strength, and steroid therapy status with hemoglobin changes at day 1 and day 7 after transfusion were not evident. However, patients with more severe pre-transfusion anemia showed significantly greater hemoglobin changes at day 7 after than those with mild anemia (P < 0.001). This result may suggest an increased benefit of transfusion in patients with more severe autoimmune anemia compared with those with milder forms (Fig. 1 ).
Comparison of hemoglobin changes in the patients with autoantibodies with respect to initial hemoglobin levels prior to RBCs transfusion
When the body weight of patient was normalized, patients with initial hemoglobin levels < 5 g/dL received significantly higher amount of transfused RBCs per body weight of patient than those with initial levels 5-8 g/dL or > 8 g/dL, denoting a higher absolute volume of transfused RBCs in patients with initial hemoglobin levels < 5 g/dL. Furthermore, patients with initial hemoglobin levels < 5 g/dL displayed significantly lower hemoglobin levels than those at 5-8 g/dL from day 1 to day 6; however, the hemoglobin levels at post-transfusion day seven were not significantly different between two subgroups, indicating a more satisfactory hemoglobin recovery in patients with severe anemia at long term follow-up than those with moderate anemia. In contrast, those with initial hemoglobin levels < 5 g/dL showed significantly lower hemoglobin levels consistently during all follow-up days compared with the patients with initial levels > 8 g/dL.
In addition, patients with initial hemoglobin levels < 5 g/dL revealed more hemoglobin changes from day two compared with other patient groups. The differences were statistically significant at day 3, day 6, and day 7 compared with the patients with initial hemoglobin levels 5-8 g/dL, and were consistently significant from days 2-7 compared with those with initial levels > 8 g/ dL; it suggests that patients with severe anemia consistently exhibit a significantly greater degree of transfusion benefit compared with those with mild-moderate anemia (Table 5) . 
DISCUSSION
RBC transfusion to patients with autoantibodies was classically regarded to be therapeutically non-beneficial owing to the difficulties of finding compatible blood donor and increased risk of transfusion reactions [4, 11] . A study on Jehovah's Witness patients with hemoglobin < 5 g/dL showed inconsistent mortality rates related to severe anemia with transfusion refusal, demonstrating that a portion of severely anemic patients can survive without transfusion [12] . In contrast, recent reports propose that it may be more beneficial to transfuse incompatible RBCs than to refrain from treatment, especially in patients with cardiovascular disease or severely symptomatic patients in urgent need of additional oxygen-carrying capacity [1, 2, 4, 11] . To date, an intensive clinical study focusing on the efficacy of transfusion in AIHA patients has not been performed. In the present study, many AIHA patients had underlying diseases including hematologic malignancy, solid tumor, autoimmune disease, and infection. This result is consistent with previous studies [1, 2] and supports recent hypothesis that autoantibodies found in AIHA may be a result of immune reactions in response to foreign pathogen. Significantly, our study revealed that although initial hemoglobin levels prior to transfusion were lower in patients with autoantibodies than those with alloantibodies only, patients with autoantibodies recovered preferentially at long-term follow-up compared with those with alloantibodies only. We also found that transfusion efficacy in AIHA patients is not inferior if appropriately transfused with the least-in-
